Objectives-To develop an assay to measure airborne mouse urinary protein (MUP) and to assess the occupational exposure to MUP in the workforce ofthree establishments as part of an epidemiological study examining the influence of aeroallergen exposure on the development of allergic respiratory disease. Methods-Personal air samples were collected from nine exposure groups during a workshift. A sensitive and reproducible competitive inhibition assay, which used rabbit antisera specific for MUP, was developed and used to measure the occupational exposure to MUP. Results-The personal measurements of MUP showed that people with direct contact with mice (animal technicians) had the highest exposure followed in decreasing order by those working with anaesthetised animals or their tissue (postmortem workers and scientists) and those with indirect contact with mice (supervisors, office workers, and slide production workers). The only difference in concentrations of MUP between the three establishments were found for cage cleaners, which reflected differences in working practises for this exposure category. Air samples collected during the performance of specific tasks showed that high exposures to MUP were associated with handling mice, indirect contact with mice, and washing floors.
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Conclusions-Exposure to mouse urinary proteins has been measured in the occupational environment. This information can be used to determine the relation between exposure to MUP and the development of allergic and respiratory disease.
(Occup Environ Med 1997;54:135-140) Keywords: aeroallergen; mouse urinary proteins; occupational asthma Allergy to laboratory animals is recognised as an important occupational health problem affecting nearly one third of those people who work with rats, mice, and other small mam- mals."A Urine has been identified as an important source of the allergen in both rats and mice5 and the major allergens have been described.$8
The measurement of allergen in the working environment is of increasing importance as interest grows in controlling occupational exposure and in studying the influence of exposure to aeroallergen on the development of allergic disease. Several different immunological methods have been used to measure occupational allergens, the most common of which are radioallergosorbent test (RAST) inhibition (which uses the specific IgE antibodies in the serum of allergic subjects9) and assays which use rabbit antiserum which has been raised to the occupational antigen of interest.'0 Although the RAST inhibition method has the advantage of measuring allergen (as opposed to generally immunogenic proteins measured by assays that use rabbit antiserum), it is thought to be a semiquantitative method. Both types of assays have potential long term reproducibility problems in that they use heterogenous antibody pools which may not be readily reproduced.
Although there is a growing body of information about occupational levels of both rat9"' and mouse urinary aeroallergen,'0 12'4 few studies have explored the relation between exposure to animal allergens and the development of allergic and respiratory disease. A seven year longitudinal study examining this relation at three institutions specialising in animal based research has been completed and the initial, cross sectional findings relating to exposure to rat aeroallergens have been reported.3 Data were also collected concomitantly to examine the influence of exposure to mouse airborne proteins on the development of respiratory disease.
In such exposure-response studies, an assessment of the efficacy of the techniques used to measure the environmental airborne allergen is essential. Of particular importance in the measurement of animal aeroallergens is the specificity of the immunoassay as there is known to be extensive cross reactivity between rat and mouse urinary proteins'5 and exposure to both species is common in the occupational environment. The accuracy and reproducibilty of the assay are also important factors in determining the final quality of the exposure data. This paper therefore describes the assay used to measure airborne concentrations of mouse urinary proteins (MUP) and assesses the specificity, accuracy, and reproducibility of the assay. The strategy used to assess the occupational exposure to MUP in the workforce of three establishments involved in animal based research is described and the exposures reported. 
Specificity
The specificity of the assay was assessed by measuring the extent to which other antigens could inhibit the binding of the MUP specific antibodies used in the assay. Appendix 1 describes the assay of the standard mouse urine curve. In parallel, a serial dilution of rat urine antigen (10 000 yg/ml to 0 01 yg/ml in 10-fold dilutions) and a serial dilution of dust collected from the air conditioning system of a room housing mice (100 yug/ml to 0 001 yg/ml in 10-fold dilutions) was also added to the assay system. The inhibition curves were statistically analysed for parallelism (described later). Inhibitor concentration (jg/ml)
were performed by employees in the postmortem exposure group, all other tasks were performed by animal technicians.
STATISTICAL METHODS
Where comparisons were to be made between the inhibition curves generated by the antigen dilution series, the percentages of inhibition data for each of the curves were logit transformed and plotted against log, concentration to form an approximately straight line. The regression line in each case was constructed from at least six points. Significant differences in the slopes of the lines were then tested by analysis of covariance (ANCOVA). The significance of the test was then obtained from F tables.
The effect of prolonged storage at -20'C was analysed by the method of Bland ASSAY PERFORMANCE Specificity Mouse urine, rat urine, and mouse dust all gave dose-dependent inhibition in the MUP assay (fig 1) . A common slope could not be fitted to all the curves (P = 0-05), but when the rat urine data were removed, no significant difference was found between the slopes of the mouse urine and mouse dust inhibition curves (P = 0<12). Mouse urine is therefore a suitable standard for the measurement of mouse airborne dust. Although formal analysis of the relative potency of the mouse and rat urine is inappropriate due to the non-parallelism of the inhibition curves, the rat urine inhibition curve is well displaced to the right of the mouse urine inhibition curve and therefore the presence of high concentrations of rat urinary aeroallergen (RUA) in the occupational environment will not interfere with the measurement of MUP indicating that the assay is highly specific for MUP.
Accuracy and reproducibility Of the three controls tested, only the medium control was consistently higher than the target value (low mean = 0-0057 jg/ml, n = 44; medium mean = 0 0973 pug/ml, n = 44; high mean = 0-4912, n = 44). A two way analysis of variance (ANOVA) of the data with both the assay and control type as variables showed that there was no significant difference in the values of the different assays (P = 0<18). The MUP assay was highly reproducible; no significant difference was found between the slopes of the 14 consecutive logit transformed standard curves (P = 0-97). The coefficient of variation between assays varied between 6-14% and 20-0% for the assay range (20% at 0-031 jug/ml) and was greater than the coefficient of variation within assays (range 2-10%- Mean MUP (MUP26+MUPO/ (table 2) .
Discussion
This paper presents the first detailed assessment of the occupational exposure of research and animal house workers to mouse urinary proteins. These measurements were collected as part of a prospective study examining the relation between exposure to several different occupational aeroallergens and the subsequent development of respiratory disease. In our previous report of occupational exposure to RUA, RAST inhibition was used to measure the airborne allergen.9 10 The RAST inhibition could not be used here to measure mouse allergen due to the lack of allergic serum primarily sensitised to mouse. The specificity of the assay is of particular importance here as many of the air samples had been exposed to both rat and mouse. A competitive inhibition assay was therefore developed with rabbit antisera specific for MUP. Mouse urine was shown to be a suitable standard for the measurement of mouse exposure as shown by the parallelism of the mouse urine and mouse dust inhibition curves.
The competitive inhibition assay for MUP was shown to be more sensitive than the RUA RAST inhibition assay (detection limit of 0 5 ng/ml for MUP v 50 ng/ml for RUA'0) but had comprable reproducibility (coefficient of variation between assays; RUA = 7 0%, MUP = 6-1%). For the assessment of exposure to occupational allergens, an assay that has a low detection limit and a high reproducibility is essential; the low detection limit so that (a) the allergen can be accurately measured for groups with low exposure to the allergen, and (b) that short sampling times can be studied, and high reproducibility so that many samples can be collected and processed over time without significant variation in the assay and hence the values obtained.
Long term storage of the reconstituted air samples for two years did not significantly alter the values in MUP measured. This may in part be due to the polyclonal nature of the immunological reagents used and the type of assay; if any deterioration of the MUP did occur while the reconstituted sample was in storage this did not seem to affect the inhibitory properties of the MUP epitopes in this assay system.
The data on exposure to MUP represent the average exposure experienced by personnel working with mice. The animal technicians had the highest exposure to MUP in all the sites. The MUP exposure of the cage cleaners was similarly high but dependent on the working practises adopted. The scientists and postmortem workers who generally worked with anaesthetised or dead animals had intermediate exposures, and all other workers had low exposure to MUP. The large variation in values on exposure to MUP within each exposure group and task category underlines the complexity of assessment for laboratory animal workers and is partly due to the nature of the work and the many determinants such as stock density and ventilation.18 Workers create their own working environment by spending variable durations performing different tasks in various small rooms with varying numbers of animals of different sex, age, and species, and varying levels of ventilation at different times. All of these factors may profoundly affect the exposure to laboratory animal allergens.8 18 Therefore, the grouping of workers could only be done crudely. This is thought to be unimportant for epidemiological research as long as there is limited overlap in exposure between groups.'9 In future studies, repeated measurements from individual people will be taken to optimise the exposure grouping.20
Site A, which used both rats and mice, was selected for the analyses of task specific exposure because it was the largest site participating in the study and had the most diverse range of procedures and exposure groups. Although in a parallel study of rat exposure nine task categories were identified and the exposure to RUA measured,9 only five tasks were undertaken with mice at the time of the present study. The four tasks not examined for MUP exposure were; no contact, slide production, experimental work on anaesthetised mice, and cage wash operators. In those tasks which were studied, it was found that both handling and indirect mouse contact were associated with higher exposures to MUP than was floor washing.
Previous reports of occupational exposure to mouse allergen have chiefly described the measurement of mouse allergen within mouse rooms (static sampling) rather than that experienced in the breathing zone of individual workers.'0 12 We have previously reported similar studies to measure the occupational exposure to RUA9 and the same nomenclature has been used for the sites (A to C), and the exposure groups, to enable comparisons to be made with our current findings. Although both the assays for RUA and MUP use urinary proteins as standards, the absolute concentrations between the assays cannot be compared directly due to the differences in the assay techniques. Although the MUP measured here was typically of the order of ng/m', that previously measured for RUA with RAST inhibition was three orders of magnitude higher (ug/m'). However, when each exposure zone is ranked according to decreasing exposure, the order of the zones is identical for both rats and mice (animal technician > postmortem worker > scientist > supervisor > slide production workers). Although this suggests that qualitatively exposure to mice is similar to that of rats, the variation in the MUP exposures shown by the cage cleaners at the different sites clearly shows the importance of work practises in influencing exposures. Any parallels in the ranking of the exposure groups are therefore probably due to the similar nature of the allergens (primarily urinary in origin; particle size 5-15 4um) and analogous working practises with the two species.
We have shown that it is possible to measure exposure to mouse urinary proteins in the occupational environment. This paper reports the first detailed study of exposure to MUP of a workforce and confirms that direct contact with mice is associated with the highest MUP exposures. The relation between work related symptoms and these quantitative MUP measurements is currently being examined with regression analysis.
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Appendix 1: Assay of mouse urinary protein (MUP)
REAGENTS
Urine was collected in a metabolism cage from adult male mice and rats. The urine was filtered (grade 1, Whatman International, Maidstone, Kent), concentrated with an Amicon CH2A hollow fibre system (Amicon, Gloucestershire), dialysed in visking tubing (Medicell International, London) over 48 hours against four changes of distilled water, and lyophilised. Dust was collected from the air conditioning system of a room housing only mice at site C and was extracted in 0 1 M NH4HCO, overnight, the supernatant dialysed, and lyophilised as above.
Antimouse urine antiserum was raised in rabbits (female, New Zealand whites, Foxfield Farms UK, Petersfield, Hampshire). The rabbits (n = 2) were initially injected subcutaneously with 1 0 ml of 1 0 mg/ml mouse urine in 50:50 0-154 M sodium chloride: Freund's complete adjuvant (Sigma, Poole, Dorset). Booster injections were repeated every four weeks, replacing the Freund's complete adjuvant with incomplete adjuvant. The serum was collected about 6-10 days after each injection and the serum from bleeds 2 to 7 inclusive were pooled. The The maximum variation allowed between the duplicate counts for each test sample was 5% and 55 samples (19%) were therefore repeated. Samples still failing this quality control measure were repeated up to three times and the mean value taken (n = 19). Test samples containing > 500 ng/ml were diluted and reassayed.
The detection limit for the assay was 0-5 ng/ml, 
